The object of this paper is twofold-to present evidence found in southwestern Montana concerning the .great Jurassic base-leveling and its bearing on the solution of certain ·strati-graphic problems involving late Paleozoic, Triassic, and Jurassic formations, and to set forth the relations of those formations to· beds in western Wyoming. The conclusions briefly summarized are as follows:
Prior to the encroachment of the sea from the northwest in late Jurassic time prolonged erosion and base-leveling occurred over much of the Rocky Mountain region. From the Idaho State line near Yellowstone National Park northward to the vicinity of Helena the erosion surface thus produced truncates beds of Triassic and Carboniferous age, through a stratigraphic range of about 1,000 feet.
The Quadrant quartzite at the type locality in the northwestern part of Yellowstone Park is approximately equivalent to the Amsden and Tensleep formations in Wyoming. The Park City (Pennsylvanian and Permian) , Dinwoody (Lower Triassic), and Chugwater (largely Triassic) of the Wyoming section are in part represented by the Teton formation of Yellowstone Park. The quartzitic cherty basal beds of the Teton, containing the phosphate rock, are equivalent to the Phosphoria formation of Idaho, which corresponds to the upper part of the Park City formation. In western Montana north of latitude 45° 30' the overlying Triassic shaly limestone and red shale were removed by the Jurassic erosion and the Ellis formation (Upper Jurassic) rests on the pt>"rtly eroded Phosphoria formation.
FIELD WORK.
The information set forth in this paper was obtained by the writer during the seasons of 1913, 1915, and 1916 . The first two years were spent in detailed mapping of the Permian phosphate beds along the northeast slope of the Wind River Mountains and throughout the Owl Creek Mountains of Wyoming. A reconnaissance trip was also made on both the east and west slopes of the Big Horn Mountains. In 1916 a reconnaissance examination occupying about three months was made in Montana from Helena south to Yellowstone Park and west to longitude 112°, and later in the same season a visit was made to exposures in the vicinity of Cody, Wyo. Nearly all the outcrops in Wyoming represented on the accompanying !nap (Pl. IX) except those near the Idaho State line were visited, and also practically all those in the Montana area. The Madison limestone, of Mississippian age, which ranges in thickness from 200 to 2,500 feet in different parts of Montana, Idaho, and Wyoming, forn1s an unmistakable unit throughout the region and a convenient datum in the study of the less constant higher beds. Its slightly uneven surface is in places capped by conglomerate made up of pebbles of the Madison limestone in a sandy matrix. No generalized section of beds above the Madison that is representative of all of southwestern Montana can be made, and therefore each formation will be described briefly in turn and illustrated by stratigraphic sections measured at a number of localities.
QUADRANT QUARTZITE.
The term Quadrant was introduced by Peale 1 to designate a formation consisting of 150 feet of cherty limestones in the upper part and 200 f.eet of red limestones below, overlying the Madison limestone in the vicinity ·of Three Forks, Mont. The names for the defines the limits of the Quadrant ( ?) and Paleozoic formations in the Three Forks area Phosphoria formations as applied in that were stated by Peale 1 to have been determined area. ''after consultation with the members of There has been considerable uncertainty Mr. Arnold Hague's division." The strata concernrng the age of the Quadrant quartzite. to which the name Quadrant was applied Peale's studies in the Three Forks quadrangle · were therefore doubtless correlated with the yielded fossils of Mississippian and Pennsylstrata, mostly quartzitic sandstone, found on vanian age. ColleGtions of fossils made years · Quadrant Mountain, in the northwestern part ago by Weed and others northeast of the Three -of Yellowstone Park, for which Arnold Hague Forks area were found to contain Mississippian and W. H. Weed, who surveyed the park be-forms, and more recent · collections northwest tween the years 1883 and 1893, had selected of the Three Forks area, within and near the the name Quadrant quartzite. The publica-Philipsburg quadrangle, have yielded Penntion of the Yellowstone Park folio, with four sylvanian forms. · Field work in 1916 showed geologic maps, was delayed until 1896. In that the typical Quadrant in the Yellowstone 1894, however, the name Quadrant quartzite Park, as described b:y-Weed in Monograph 32, was again used, by Weed, 2 for the rocks included representatives of · both the upper overlying the Madison limestone and under-Mississippian and the Pennsylvanian. lying the Ellis formation in the Livingston
The Quadrant generally consists of three quadrangle, Mont., which doubtless were re-parts. The basal member is chiefly sandy garded as equivalent to the typical Quadrant red shale, slightly calcareous, containing few quartzite of the Yellowstone Park. · Since recognizable marine fossils. This red-shale 1896 the name has been extensively used for member is only a few feet thick along the strata in many parts of western Montana Idaho State line but thickens northward to supposed to be equivalent to those at the type about 150 feet near Bozeman. Over the red locality.
shale is more or less limestone and carbonPeale did not give any description of the aceous shale, absent locally c but present in formation at the type locality, and the first widely separated localities and containing abunpublished section of the rocks of Quadrant dant fossils, which are believed by G. H. Girty Mountain is that measured by Weeds and probably to denote early Pennsylvanian age. quoted on page 117 of this report. It will At the west boundary of Yellowstone Park be noted that the overlying cherty quartzitic this limestone is less than 50 feet thick and beds · described as the Phosphoria (Permian) sparingly fossiliferous, but it thickens westin this paper are included by Weed ih the ward to 2, 50 feet in the Snowcrest Range, Teton formation. Although the Teton beds where it is ' rich in fossils. At Lombard, about of the Yellowstone Park region are also present 75 miles northeast of the Siiowcrest Range, in the south third of the Three Forks quad-it is nearly as prominent and equally fossiltangle, they were mapped as a part of the Ellis iferous, but at intervening pointsit is generally (Jurassic) in the Three Forks folio, except thin and contains poorly preserved fossils. that the lower · cherty quartzitic portion The limestone member is overlain by 100 to (Phosphoria) was considered a part of the 400 feet of quartzitic sandstone interbedded underlying Quadrant. The reference of the with a less amount of sandy dolomitic limelower part of the Teton to the Quadrant has stone and thin layers of smooth-textured been followed in all the geologic folios pub-argillaceous limestone, more or less cherty and lished for areas in western Montana, including containing traces of poorly preserved fossils.
The thickness of the Quadrant is in most the Philipsburg. 
TETON FORMATION.
The Teton formation, as defined by Weed for Yellowstone Park, included the rocks now named Phosphoria formation, and the overlying Triassic brown shaly limestone . and r~d 3andy shale. The brown limestone IS ~nmis takably related to the Dinwoody formatiOn of western Wyomin~. This relation was suspected by Blackwelder, 6 who states that the low~r part of the Teton formation is probably equivalent to the Embar of Wyoming. The overlying red shale is in part equivalent to the Chugwater formation of Wyoming and probably to the Thaynes limestone of Idaho. The p~rt ?f the Teton beds over~ying the Phosphona IS approximately 800 feet thick along the Idaho State line west of Yellowstone Park, but -as shown by figure 14 this part was beveled by the Jurassic erosion and completely · removed north of latitude 45° 30', both west and east of Yellowstone Park.
Fossils of Triassic age are plentiful in the· shaly brown limestone. No fossils were found in the red shales but above them is locally a. bed of richly fos~iliferous limestone which at one point along the Idaho State line sou~h of Red Rock Lakes was found to contaln a pleurot. omarioid gastropod, possibly identical with or closely resembling one that occurs in pods. These beds, which are wholly nonthe Thaynes limestone in southeastern Idaho. marine, lie between the marine Jurassic and The paleontologic and lithologic evidence at marine Upper Cretaceous beds. On the basis hand does not warrant positive statements as to the relations of the upper part of the Teton to the Idaho or Wyoming sections. Exclusion from the Teton of the basal portion, equjvalent to the Phosphoi-ia formation, leaves the higher shaly brown limestone and red beds of Triassic age to which the name Teton could be applied, but this seems inadvisable for several reasons, one of which is that the name has not been used for areas outside of Yellowstone Park. It is therefore believed that the use of the name Teton will be discontinued when enough additional field work shall have been done both in Montana and southeastern Idaho to permit the proper application of formation names now in use in Idaho and Wyoming.
ELLIS FORMATION.
In late Jurassic time, subsequent to a long erosion interval during which there was more or less tilting of the strata, a subsidence brought in from the northwest an arm of the sea in which were deposited the sediments of the Ellis formation. The rocks consist of fossiliferous greenish shale and limestone and a variable amount of rust-brown weathering sandstone and conglomerate. At Elkhorn mining camp, near Helena, and for 70 miles to the south, the Ellis beds rest on more or less disturbed strata of the Phosphoria formation, but farther south the Ellis and Phosphoria are separated by Triassic shaly beds that thicken southward and constitute a portion of the Teton formation. The Ellis beds are abou~ 200 feet thick in Yellowstone Park but thicken northward and northwestward . to about 400 feet in the Livingston and Philipsburg regions. It is suspected that the Ellis represents only the basal portion of the several thousand feet of the marine Jurassic beds in southeastern Idaho but corresponds closely with the Sundance ;formation of Wyoming. KOOTENAI FORMATION. Overlying the Ellis formation is a motley ., "d ' N'A ~a VlO\IVO , :... "d "N'A JO srm :__ . >ld:J.VN.lNOJ.Sh\OmA ~0 NOB.L aggregation of beds consisting in great part of red and green shale with conglomeratic sand-of lithology they are correlated with the stone and quartzite, and including near the Kootenai formation of the Philipsburg quadtop ·a limestone member . crowded with gastro-rangie, which is Lower Cretaceous. They The most conspicuous beds of the Kootenai are the gray gastropod limestone and a bed of conglomeratic sandstone in about the middle of the formation, the pebbles of which are dark chert. Both the beds are reported at many places in western Montana, in Yellowstone Park, and in the adjacent country in Wyoming. They form hogbacks projecting above the poorly exposed shaly. red beds of the Kootenai and the dark shale of the overlying Colorado formation.
STRATIGRAPHIC DETAILS IN THE MONTANA AND YELLOWSTONE PARK AREA.
[See Pl. X.]
JEFFERSON RIVER .CANYON NEAR CARDWELL.
A few miles east of Cardwell, which is on Jefferson River near the mouth of Boulder River, the broad valley narrows to a sharp canyon just wide enough for the tracks of the two railroad lines between the river and steep cliffs. On the south side of the valley (locality 1, Pl. IX) are complete exposures of the Quadrant and Phosphoria formations, dipping steeply northwestward. Several faults introduce some doubt as to the total thickness, but the sequence of the beds is clear. A condensed section Of the beds measured here follows: There is some question as to the lower limit of the Ellis formation in the preceding section.
It seems clear that the position of the· great unconformity is at the base of the yellow sandstone that rests on the Triassic marine beds, but the overlying shaly gypsiferous beds apparently represent continental sedimentation in Jurassic time prior to the encroachment of the Ellis Sea and if so would not appropriately be included in the Ellis. Possibly these gypsiferous beds and the . yellow sandstone represent the Nugget sandstone of western Wyoming, as suggested in the diagram ( fig. 14) .
SNOWCREST MOUNTAINS.
The Snowcrest Mountains are west of Ruby River, about 20 miles a little west of south from Viiginia City. The highest pea.ks, more than 10,000 feet in elevation, are capped by the resistant Quadrant quartzite. (See Pl. XI, B.) The most interesting -features of the stratigraphy of this range are the unusual thickness of the Q1,1adrant formation as compared with its thickness in the section in the Gravelly Range, 10 miles to the east, and the prominent development of the dark, richly fossiliferous limestone in its lower portion. The following fossils were identified by G. H. Girty, who regards them as of early Pennsylvanian age: This is apparently a part of the Madison but represents a phase not found elsewhere to the east or southeast.
IDAHO-MONTANA STATE LINE OPPOSITE RED ROCK LAKES.
On the State line between Idaho and Montana, in the Centennial Range south of the Red Rock Lakes (Pl. XII), about 35 miles southeast of the locality in the Snowcrest Mountains above described, the Quadrant formation proper is greatly reduced in thickness, being It has been shown by the writer 1 that although the Chugwater red beds are in large part Triassic, the lower portion in the Big Horn Mountains and elsewhere in central Wyoming is of earlier Triassic, Permian, and Pennsylvanian age and was deposited contemporaneously with the marine Triassic (Dinwoody) and Permian and Pennsylvanian (Park City) beds to the west.
AMSDEN FORMATION AND TENSLEEP
SANDSTONE.
The Amsden formation, which rests on the Madison limestone, is somewhat similar in lithology to the lower portion of the Quadrant quartzite of Montana, with which it is correlated, but at no place has it been found to contain richly fossiliferous beds, such as have been discovered in Montana. In the western part of the Wind River Mountains the Amsden consists of massive white sandstone at the 1 Condit, D. D., Relations of the Embar and Chugwater formations in central Wyoming: U.S. Geol. Survey Prof. Paper 98, pp. 263-270, 1916. base, overlain by interbedded gray to yellowish shale, sandstone, and thin beds of limestone. Some of . the shale beds are deep red.
The Tensleep consists almost entirely of sandstone, with a few interbedded dolomitic layers that locally contain marine fossils. The beds correspond so closely in position, thickness, and lithology with the upper portion of the Quadrant quartzite that there is no question as to their correlation. It is suggested also that the Tensleep may be in part equivalent . to the Weber quartzite of southeastern Idaho and Utah. The Chugwater red beds, 800 to 1,450 feet t ick in west-central Wyoming, present prohl~s in sedimentation that have engaged the alt~ntion of a number of workers who are not i11 agreement as to the origin of these beds. Almong their striking features are the unif~rmity _in thickness and texture of individual embers over wide areas; the prevalence of ~i1 pie marks on horizontal beds through much of the formation; the absen~e of sun cracks and fossils of land animals except in the upper portion; and the extensive occurrence of gypsum beds near the top. It is not the purpose of this paper to consider in det ail the peculiarities of the Chugwater or the different hypotheses concerning its origin. It is evident, however, that mature conclusions can be· reached only after a detailed study of the red beds throughout Wyoming and adjacent areas. The question of age alone illustrates this point. In western Wyoming the lowest red beds overlie marine fossil-bearing brown shales of Triassic age that are regarded by several observers as equivalent to the Lower Triassic Woodside shale of Idaho. Furthermore, it is suspected that the lower Chugwater beds of western Wyoming grade laterally into the marine Thaynes limestone of Idaho, which are of Lower Triassic age, or at least that they represent partial-time equivalents of these beds.
A fossil collection made by Darton 1 in the Big Horn River canyon near Thermopolis, Wyo., is of interest in this connection. The fossils obtained in a limestone 150 feet below the top of the formation were found by G. H. Girty to include Natica lelia, Bakewellia, Pleurophorus, and Aviculipecten, undoubted marine types, constituting a fauna which is referred with considerable confidence to the Triassic. This occurrence is of additional interest as indicating the marine origin of a portion of the Chugwater, as contended by Branson. 2 In the Big Horn Mountains, in the central part of the State, the lowest red beds of the Chugwater have been shown by the writer 3 to be of late Pennsylvanian age.
The age of the uppermost beds of the Chugwater formation is uncertain. Wherever present in Wyoming they are overlain by the Sundance formation, which is Upper Jurassic, but it is a question whether the deposition of the gypseous shale, cross-bedded sandstone, and nonmarine limestone characteristic of the upper part of the Chugwater may not have been 2 Branson, E. B., Origin of the Red Beds of western Wyoming: Geol. Soc. America Bull., vol. 26, pp. 217-230, 1915. a Condit, D. D., Relations of the Em bar and Chugwater formations in central Wyoming: U. S. Geol. Survey Prof. Paper 98, pp. 263-270, 1916. largely contemporaneous with the early Jurassic base-leveling so plainly recorded in the truncated beds to the north, in Montana. SUNDANCE FORMATION. The Sundance formation of Wyoming is regarded as the equivalent of the Ellis in :Montana, with which it agrees fairly well in lithology, thickness, and fossil content. The Sundance consists largely of greenish calcareous to sandy shale, with a resistant dark-gray limestone near the middle. Both the shale and the limestone are richly fossiliferous, and the most characteris'tic species are Belemnites densus, Gryphaea calceola, and stem segments of the crinoid P entacrinus asteriscus.
RECORD OF JURASSIC BASE-LEVELIN~.
The most striking evidence of pro longed . erosion in Jurassic time is furnished by the contact of the late Jurassic marine beds (Ellis) with successively older formations as followed northward across Montana. This feature is graphically shown in figure 14 Study of the erosion surface from place to· place reveals the presence of peculiar yellowish. earthy sandstone, ferruginous gypseous shale, and local limestone beds, all making up a motley aggregate related neither to the overlying Ellis nor to the underlying formations. These heterogeneous materials constitute the sedi-· mentary record of events that preceded or accompanied the advance of the sea from the northwest in late Jurassic time. Their thickness, ranging from a few feet to little more .than 100 feet, is direct evidence of the slight rehef of the land surface, the inequalities of which were leveled to form the floor: upon which the marine. Ellis beds were deposited.
The thickness of strata removed by Jurassic sp~culation, but 1n the writer's op1n1on .this erosion in northern Montana may have been erosion may have furnished the sediments of 2,000 feet, if the Chugwater red beds once ex-th~ shale and sandstone series of southeastern tended over that area. The extent to which I1aho lying b etween the marine Lower Triassic the Chugwater was eroded in Wyoming is not C1haynes limestone) and JUarine Upper Jurasevident, but it seems probable that in the west-sic (Twin Creek limestone). It is probable central part of the State, where the beds are t~at in the meanwhile the Wyoming area, a 1,400 feet thick, they remain almost intact, loF, nearly level plain, which was intermittently and that the upper portion, including the gyp-o9cupied by small bodies of water and in which seous beds, may be in part a product of Jurassic n~ither erosion nor deposition of considerable sedimentation.
m~gnitude occurred, furnished the conditions The disposition of the great mass of material n Jcessary for the forrnation of extensive but stripped from the northern area is a matter of v riable gypsum and limestone beds.
